ABSTRACT: Nutrition in early life, growth, and subsequent health over a lifetime are significantly interrelated. The aim of this study was to assess body composition changes in exclusively breast-fed infants from birth up to 6 mo of age. An observational, prospective, cohort study was conducted. Fifty-nine full-term, healthy, exclusively breast-fed infants underwent assessment of growth and body composition, using air-displacement plethysmograph (i.e. PEA POD) by Life Measurement, Inc. (Concord, CA). Body composition was assessed at birth, 2 wk, and 1, 2, 3, 4, 5, and 6 mo of age. Mean birth weight (g) and gestational age (wk) of the infants were 3170 Ϯ 420 and 39.21 Ϯ 1.29, respectively. Percentage of fat mass increased significantly over the first 4 mo (p Ͻ 0.001), both in boys and girls, with no differences detected between boys and girls at any time point. This article provides preliminary in-depth data on whole-body composition, in exclusively breast-fed infants during the first months of life. Further studies assessing larger sample sizes are desirable to develop reference body composition data. (Pediatr Res 68: 542-544, 2010)
T he crucial interrelation between early nutrition and subsequent health has been highlighted by several studies (1, 2) . Small size at birth and a rapid catch up growth during infancy have been associated with an increased risk for developing the metabolic syndrome in adulthood (3) (4) (5) (6) .
Evaluation of infant body composition is valuable in assessing the quality of weight gain and represents a useful clinical tool for monitoring adequate physical growth and nutritional intervention in early infancy. Although the measurement of body composition in vivo has some limits, the clinical value of the outcome is greatly enhanced by the availability of reference data (7, 8) . Certainly, body composition reference data (age and sex specific) are needed to accurately estimate the energy and nutrient requirements and to evaluate the normal growth and nutritional status of pediatric populations.
Fomon et al. (9) and Butte et al. (10) have published seminal work in reference body composition in early life. Reference data were obtained by calculations based on previously reported data in the case of Fomon et al. (9) and by using a four-compartment model to estimate body composition in the case of Butte et al. (10) . Subjects in both studies included both formula-fed and breast-fed infants (9, 10) . The World Health Organization (WHO) promotes breast feeding as ideal for the nutrition of infants. Several studies have focused their attention on the growth of exclusively breast-fed infants, reporting a different growth trajectory from that of formula-fed infants (11, 12) . However, studies assessing the quality of growth in exclusively breast-fed infants by using a whole-body composition method that is noninvasive, easy, and accurate are scarce. The aim of this study was to assess body composition changes by means of a pediatric airdisplacement plethysmograph, in exclusively breast-fed infants from birth up to 6 mo of age.
METHODS
This study was an observational, prospective, cohort study following up infants from birth to 6 mo of life. This study is also a part of an ongoing larger multicenter study effort to develop local normative body composition data. Informed consent was obtained from the infants' parents, and the study design was approved by the Departmental Ethics Committee. 1 Among all consecutive infants admitted to the same institution, a total of 59 infants were included in the study. Forty newborns were enrolled at birth. Nineteen infants were enrolled either at 2 wk or 1 mo of age, i.e., when their pediatric visits were scheduled. Inclusion criteria were singleton birth, fullterm infants [gestational age Ն 37 wk (259) d and Ͻ 42 wk (294) d], birth weight Ͼ 2500 g, Caucasian, born to nonsmoking mothers, and exclusively breast fed (according to the WHO's definition) (13) for 6 mo. Recruitment was also limited to infants born to mothers who remained in the same area/city/town where the study center was located for at least 6 mo. Exclusion criteria were infants having significant perinatal morbidity (i.e. cardiorespiratory illnesses), congenital malformations, chromosomal abnormalities, endocrinological and neurological disorders, infants born to mothers who had a history of diabetes, developed gestational diabetes, or had a history of maternal drug or alcohol use, and infants having health (i.e. chronic diseases that can negatively affect growth), environmental (i.e. monoparental family), and economic (i.e. unemployed parents) constraints on growth. The presence of the inclusion criteria and the absence of the exclusion criteria were checked before each body composition assessment by means of an accurate interview to the parents.
Anthropometric measurements and body composition were assessed at birth (3rd d of life), 2 wk, and 1, 2, 3, 4, 5, and 6 mo. Body weight, length, and head circumference were measured according to standard procedures (11) . Subject mass was measured on an electronic scale accurate to the nearest 0.1 g (PEA POD Infant Body Composition System; Life Measurement, Inc., Concord, CA), and body length was measured to the nearest 0.2 mm using a recumbent infant length board. Head circumference was measured to the nearest millimeter with nonstretch measuring tape. Body composition was assessed using an air-displacement plethysmography system (PEA POD Infant Body Composition System, Life Measurement, Inc.).
A detailed description of the PEA POD physical design, operating principles, and measurement procedures is provided elsewhere (14, 15) . Briefly, the PEA POD assesses fat mass (FM) and fat-free mass (FFM) by the direct measurements of body mass and body volume and by the application of whole-body densitometric principles. Body mass was measured on the integrated electronic scale of the PEA POD. Body volume was measured in the test chamber of the PEA POD by applying gas laws that relate pressure changes to volumes of air in the enclosed chamber. The assessment of body volume took 2 min. Body density was then computed from the study subject's measured mass and volume and then converted to percentage of FM (%FM) using sex-specific equations by Fomon et al. (9) . At the completion of testing, body composition variables were presented as %FM, absolute FM, and (FFM). The interobserver coefficient of variation for the percentage of FM estimates was 0.3%. The maternal prepregnancy (BMI, kg/m 2 ) and gestational weight gain were collected as maternal variables.
Statistical analysis. Gender-specific anthropometric and body composition values are reported as mean Ϯ SD. Differences between and among infants in repeated measurements of body composition parameters were assessed by an ANOVA. Only those measurements taken in the first 4 mo of life were included in the analysis because of the number of participants who were unable to complete measurements due to the size limitations of the testing chamber. Statistical significance was conducted at ␣ ϭ 0.05 level. All statistical analyses were performed using SPSS (version 12; SPSS Inc., Chicago, IL).
RESULTS
Growth and body composition were assessed in 59 (24 boys) infants. Mean birth weight (g) and gestational age (wk) were 3170 Ϯ 420 and 39.21 Ϯ 1.29, respectively. Mean maternal prepregnancy BMI (kg/m 2 ) and maternal gestational weight gain (kg) were 21.8 Ϯ 3.35 and 12.7 Ϯ 3.78, respectively. Length, head circumference, and body mass assessed at each study point are presented in Table 1 .
A total of 21 total body composition assessments were not performed according to the study protocol, as parents failed to bring their infants for all of the scheduled assessments. A significant number of subjects, being above the PEA POD weight limit of 8 kg for body composition assessments, failed to complete assessments at 5 and 6 mo of age (Table 1) and therefore, were excluded from data analyses (see Statistical Analysis section). Table 2 shows the FM and FFM values of girls and boys from birth to 4 mo of age. Data are presented as mean Ϯ 2 SD.
Percentage of FM increased significantly over the first 4 mo of age (p Ͻ 0.001) both in girls and boys. No differences in %FM between girls and boys were detected at any study point.
DISCUSSION
This article presents data related to the body composition changes in a cohort of exclusively breast-fed infants during the first 4 mo of life. The infants enrolled in this study underwent repeated measurements (weekly and monthly testing) of the body composition, providing further insight in the dynamic features of body weight gain and the individual constituents that occur in early life (16 -18) .
This study reported higher %FM values at all time points except at birth for both boys and girls and at 1 mo for girls when compared with the study by Fomon et al. (9) . When compared with the study by Butte et al. (10) , %FM reported in this study was lower at 3 mo of age. As body composition of breast-fed infants has been reported to be different from formula-fed full-term infants (19, 20) , the differences in infant feeding modes between the study by Fomon et al. (9) , Butte et al. (10) , and our sample may offer a possible explanation for the differences in body composition. However, even when comparing our data with the values reported in the study by Butte et al. (19) , which are related only to breast-fed infants, %FM of Italian infants was persistently lower both at birth and at 3 mo. The different data reported in this article could be to some extent explained by the fact that Italian infants have a different genetic background that could play an important role in affecting the growth process. In addition, we can hypothesize a role of maternal prepregnancy BMI and gestational weight gain in influencing fetal growth (21) . It has been reported that the neonates born to mothers who have a normal pregravid BMI (Ͻ25 kg/m 2 ) have significantly less total and relative fat than the neonates born to overweight/obese mothers (22) . Indeed, the mothers of the infants enrolled in this study showed a relative low BMI value.
The variation in FM values between the Italian and US infants could also be because of the composition of breast (16) , %FM of Italian infants at 3 mo was similar to that of Swedish infants. This finding could be partially explained by the fact that all the infants studied by Eriksson et al. (16) were delivered by Caucasian women and most of them were exclusively breast fed. In addition, Eriksson et al. (16) assessed body composition using the same device, which is an air-displacement plethysmograph (i.e. PEA POD), as we did in this study.
Early nutrition, growth, and subsequent health are crucially related. Body weight is frequently used as an anthropometrical measure of infant growth. However, it does not provide an accurate assessment of the relative contributions of FM and FFM, which reflect energy deposition and protein storage and represent key indicators of optimal nutritional care. Furthermore, assessment of body composition not only allows optimizing infants' growth and nutritional support but is also helpful for researches exploring the nutritional programming of adult morbidity (1) .
This article provides preliminary data on body composition changes, measured by means of an accurate and noninvasive method, in exclusively breast-fed infants during the first months of life. Larger studies are desirable to make a reference body composition data available.
